There is currently much public anxiety about lead in air. The classic clinical pictures of lead poisoning in industry, caused usually by inhalation, and among children, more often as a result of ingestion, are well known and adequately documented but there have recently been suggestions that 'sub-clinical' effects including those attributable to 'brain damage' commonly result from exposure to lead present in urban atmosphere.
The effects that lead may have on people are varied and often subtle but will always depend not merely on the mass of lead in the air inhaled but on the physical and chemical nature of the particles containing it and the amount of lead absorbed from other sources such as food and drink.
The short paper presented to the Meeting dealt mainly with observed trends in concentrations of lead in air over the past fifteen years, its variations with location, its sources, and its nature. Special attention was paid to the petrol engine as an important, though not the only, source of airborne lead.
Lead is added to petrol to improve its octane number and prevent premature detonation ('knocking'). Throughout the literature there are many published assumptions that, in towns, the motor car is always the main source of lead and that it exists as particles of 0.4-0.6 ,um, on which assumptions calculations have been made concerning the amount inhaled, retained and absorbed.
Recent work (Lawther, Ellison, Commins & Biles, 'More observations on airborne lead', Amsterdam Symposium on 'Environmental Health Aspects of Lead', 2-6 October 1972, at press) has shown that the problem is complex and many published assumptions unjustified. Briefly it may be stated that there is good evidence that sources of lead other than the motor car contribute a substantial proportion of lead found in town air; that in the air in busy streets lead is seen (under the electron microscope) to be in particles very much smaller than hitherto reported and almost invariably associated with or incorporated in aggregates of carbon particles; and that as engine performance alters, as at speed on motorways, the lead is seen more often as single more crystalline particles. Further work on the solubility of lead aerosols produced under different conditions of engine operation has cast some doubt on the immediate biological availability of inhaled lead though some of the results quoted must be regarded with caution at this stage. There is no doubt, however, that examination of electron photomicrographs of particles derived from motor exhausts under differing operating conditions made necessary a major revision of assumed values for the proportion of airborne lead which is absorbed by man. Anxiety concerning possible health effects of pollution in the vicinity of lead works arose in 1971 as the result of an environmental survey undertaken by the London Borough of Tower Hamlets in conjunction with the Laboratory of the Greater London Council. At a point approximately 100 metres from the factory chimney average atmospheric lead concentrations of 3.0 ,ug/m3 with occasional 24-hour concentrations ranging up to a maximum of 28 ug/m3 were found. An extensive series of measurements of lead deposits was made in the vicinity and monthly figures of up to 392 mg/M2 were found; environmental dusts contained concentrations of up to 5%, and soil concentrations ranged from 0.15 to 4.9%.
At a meeting held in the Department of Health and Social Security it was decided to undertake an epidemiological survey of blood lead levels of mothers and children in the area and this was carried out by officers of the borough assisted by the Department of Chemical Pathology at the Great Ormond Street Hospital for Sick Children. Capillary samples of blood were examined by atomic absorption spectrophotometry and initial results indicated that of 39 children under the age of 5 years living within 400 metres of the factory, 41 % had blood levels of above 40 ,ug/100 ml whereas of 80 children living in the 400-500 metre range of the factory only 13.7% had blood lead values above this level. Similarly, of 252 children attending local schools 44 were found with blood levels above 40 ,ug, 6 of these being above 60 ,ug.
Of the 26 mothers living within the 400 metre range 3 had blood lead levels over 40 ,g/I00 ml, whereas of 53 living in the 400-500 metre range in none did the blood lead exceed this level. Of the 4 children under school age with the highest blood leads, 3 with levels of 75, 74 and 65 ,ug/ 100 ml respectively were living close to the works and 2 of these had fathers working there. In the third the child's only known exposure to abnormal quantities of lead was the result of his proximity to the works. In the fourth, who lived in the 400-500 metre range, there was evidence of pica.
Where raised blood levels were found, investigations were carried out in the home to exclude as far as possible sources of raised lead intake other than those derived from the factory. Apart from the occasional case of pica no abnormal source was established and the principal cause of the raised levels was presumably either emissions to the atmosphere from the factory, windborne dusts, or dusts from vehicles entering and leaving the works, or lead taken home on the person or clothing of a parent working in the factory.
As a result of these findings it was decided to. undertake investigations in the vicinity of other lead works as a matter of urgency, and the findings of ten such investigations became available during 1972. In four of these, definitely raised blood lead concentrations similar to those in Tower Hamlets were found in families living near the factory concerned; in other investigations the effects were slight or absent. In general, though some degree of environmental pollution might be present, raised blood leads were not found in families living more tnan 400-500 metres from the works. In one case, however, where it was known that there had been a heavy accidental discharge the effects were more widespread. In five of the ten investigations, definitely raised levels were found in the families of lead workers even though in some cases they were resident at a considerable distance from the works; in three of the investigations no effects were found and in two information was not available.
The finding of a raised blood lead in an individual was followed by action to determine the source of lead, excluding as far as possible other causes than lead derived from the factory. Family doctors were informed and where necessary further clinical and laboratory investigations were undertaken by a consultant. In no case was any child or adult found exhibiting any clinical symptoms of lead poisoning. In the Tower Hamlets area a special investigation was undertaken by Dr P Graham, Consultant Psychiatrist to the Hospital for Sick Children, with a view to establishing whether there were any effects on the mental status or ability of children who had experienced raised blood levels. The results of this investigation will be reported separately.
As soon as the results of the Tower Hamlets survey became available the Chief Medical Officer of the Department of Health and Social Security wrote to all Medical Officers of Health inviting them to consider whether any particular sources of environmental lead contamination existed in their areas and where necessary to investigate the possibility that adults or more particularly young children might have been exposed to unusually high intakes from lead works. At the same time the Department of the Environment and the Department of Employment made arrangements for the Alkali and Clean Air Inspectorate and the Factory Inspectorate respectively to visit and check measures being taken at these works to control the escape of lead-containing dust from the factory environment. Factory managers were asked to ensure that factory workers used the cleansing facilities available so that the factory personnel did not take home lead dust on their bodies, clothing and footwear. The Department of the Environment also arranged for the Warren Spring Laboratory to undertake a dust and soil sampling survey in the vicinity of other major lead works.
In January 1973 the Department of the Environment directed the attention of local authorities to their responsibilities for the control of emissions from premises not registered under the Alkali, &c., Works Regulation Act. The re-Section ofEpidemiology & Preventive Medicine 167 spective responsibilities of HM Alkali and Clean Air Inspectorate, HM Factory Inspectorate and of local authorities were outlined and the need for consultation between the three was emphasized. The Department of Employment in association with the Lead Development Association and the Trade Unions decided to compile a Code of Practice to assist factory managements in dealing with the problem (Department of Employment 1973) . It is hoped that these measures will prevent the hazard. Further investigations are continuing and further tests of children's blood values will be needed from time to time to check the adequacy of the precautions.
The surveys were undertaken as a rapid screening operation and should not therefore be regarded as definitive epidemiological studies. The capillary method of taking blood samples was particularly suitable for use with young children in whom venipuncture would have presented difficulties. In experienced hands the method has given good results readily confirmed by repeat samples. In a number of cases, however, serious troubles were experienced with contamination. Traces of lead derived from the atmosphere, from clothing or ingrained in the skin can easily contaminate the blood giving spuriously high values. In cases where initial high values were obtained, repeat examinations were therefore carried out either by further capillary sampling or by venipuncture to exclude the possibility of contamination.
It is known also that considerable interlaboratory variations are liable to occur in carrying out blood lead examinations and, although in most cases checking of results between laboratories was undertaken, it is evident that this must be a prominent feature of similar investigations of the future. Acknowledginents: I must express my thanks to all who took part in the organization and conduct of these surveys and in particular to Professor Barbara Clayton, Dr I believe we must be more certain than we are at present that no significant harm is being done to any section of the population due to lead absorption, either from petrol or industrial sources, atmospheric and fluid effluent or solid waste. It is no longer satisfactory for lead industries to say 'we don't think we are causing any harm'. They must measure and know that they are not.
So far as the health of employees is concerned, most lead industries are now fairly well controlled, although some cases of clinical lead poisoning do still occur. Statutory clinical inspections were supplemented in the 1920s and 1930s with voluntary punctate basophilia counts, and later by lead in urine estimations and coproporphyrin in urine estimations. Early in the 1960s blood lead examinations were started. Statutory hemoglobin estimations were introduced in 1963. Russel et al. (1933) recommended a lead-in-air standard of 0.15 mg/m3 (150 jug/m3). This level has recently been adopted by the American Conference of Government Industrial Hygienists and accepted by the Factory Inspectorate as a guide. If mean lead-in-air levels within a factory, as measured by personal samplers, can all be kept below this no cases of clinical lead poisoning, even at the earliest stages, should be found and no long-term sequele such as renal damage, hypertension or cerebrovascular accidents will occur among adults during a working lifetime (Malcolm 1971) . What can we deduce from these controls? If a mean level for lead in air of 150 Ztg/m3 can be maintained the mean blood lead level will be approximately 45-55 ,ug/100 ml with few individuals ever reaching or exceeding 80 ,ug/100 ml. A lead level of 150 ,ug/m3 for a 40-hour week is approximately equivalent to 40 ,ug/m3 for a full
week. If this level in the atmosphere gave man blood lead levels of 45 jtg/100 ml, it would not be acceptable for the general population (not medically supervised) and certainly not suitable for children where an arbitrary upper limit of 40 pg/100 ml is currently accepted. My guess is that a mean level of 5-10,ug/m3 would not significantly affect the blood levels of the population. Hard facts are difficult to find because so many studies have not carried interlaboratory comparisons on blood lead analysis and as a result appear to be inaccurate.
There is a need to develop criteria which are more specific than total dust in air. For instance, when using an elutriation method we have found
